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In  a  paper  by  Stubblefield  and  Brinkley  (I),  the 
authors  raise  the  question  whether  the  observed 
frequencies of three categories of sections through 
centrioles  are  consistent  with  the  assumption  of 
random orientation  of the centriole in a  sectioned 
cell.  In order to test this assumption  we will com- 
pute the expected frequencies, which requires only 
elementary calculus,  and  compare  them  with  the 
observed  values  by  means  of  the  chi-square 
statistical goodness-of-ft test. 
In  a  first  approximation  we  assume  that  the 
centriole  is  a  cylinder;  determining  the  expected 
frequencies then amounts to computing the proba- 
bilities that  the intersection of the interior of two 
parallel planes with a  randomly oriented cylinder 
falls into  the respective category. 
The  three  categories  of  sections  were  firstly 
defined as follows: 
1.  Cross-section (Fig.  1):  The  plane  closer  to  the 
center of the cylinder intersects only the perime- 
ter  (i.e.,  not  one  or  both  of the  ends)  of the 
cylinder  and  at  such  an  angle  that  the  projec- 
tions of the intersections of a  cylindrical tubule 
(oriented parallel to the cylinder)  with the two 
planes overlap; 
2.  Longitudinal  section (Fig.  2) : The plane closer to 
the center of the cylinder does not intersect the 
perimeter  (i.e.,  it  intersects  both  bases  of the 
cylinder) ; 
Oblique  section." All  other  intersections  not  de- 
fined as cross- or longitudinal  sections. 
3. 
Defining 
T: 
D: 
W: 
length of cylinder, 
diameter of cylinder, 
distance  between  the  two  intersecting 
planes, 
652  B  R  I  E  F  N  O  T  E  S FIGURE 2 Intersection of two planes with idealized
cylindrical centriole . For a longitudinal section, at least
one of the two planes must pass through both ends of
the cylinder .
d .•
	
diameter of tubule,
0 :
	
complement of the angle between
cylinder axis and planes,
s(0) : distance of plane closer to center of
cylinder from center of cylinder,
A n B . logical intersection "both A and B,"
A U B : logical union "A and/or B,"
the conditions for obtaining a section 2;j belonging
to the respective categories (i = 1, • • • , 3)
become,
where
2;, : {o < s(0) < SI (0) n o < 0 < 0, )
2;2 : {O < s(0) < S2(0) n 0* < 0 < 7r/2)
1 3 : {S2 (0) < s(0) < L(0) n 0* < 0 < ir/2
u 0 < s(0) < SI (O) n 0. < 0 < 0*
u SI (0) < s(0) < L(O) n 0 < 0 < 0* }
SI(0) = (T cos 0 - D sin 0) /2
FIGURE 1 Intersection of two planes with ide-
alized cylindrical centriole and tubule. For a
cross-section, the centriole has to be oriented
such that 0 < h < d, depending on the width
w of the cross-section .
S2 (0) = (D sin 0 - T cos 0) /2
L(0) = (D sin 0 + T cos 0) /2
0* = arctan (T/D)
0,, = min [0*, arcsin (d/w)]
and where due to symmetry relations 0 need be
considered in the range [0, 7r/2] only (Fig . 3) .
Given a certain angle 0 satisfying either 2+I or
12 (13 will always be satisfied), the probabilities
become,` respectively,
Tcos0-Dsin0
p(2 I 6)
D sin 0 + Tcos 0
D sin 0 - T cos 0
P(~2
O) D sin 0 + T cos O
2T cos O
	
2D sin 0
p(~3
0)
D sin O+ T cos O + D sin O+ T cos O
Tcos0-Dsin0
+ Dsin0+Tcos0
assuming that the distances s(0) are uniformly
distributed in [0, L(0)] . For uniform distribution
of the angles, the probability of obtaining a section
belonging to L.lj (i = 1, • • • , 3) becomes
2
	
n~2
P(Zi) _
J
	
p(Ei 10) dO
or, with integration over properly defined inter-
vals,
2 J Bc
Tcos0 - Dsin 0
P(~I)
it o D sin O+ T cos 0
d0
2 */ 2 Dsin0-TcosO
P(~2)
7r ~, D sin O + T cos 0
A
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FIGURE 3  Projection of the eentriole, idealized as a  cylinder,  on the x, y-plane, defining O, L(O),  SdO) 
(i  =  1, ~), and the distance s(O) between a  plane intersecting the cylinder and the center of the cylinder. 
2~ [./2  2rcos0  dO 
P(]~3) =  ~'~J0*  Dsin0  +  Tcos0 
fo  2D sin 0 
+  °*DsinO+Tcos  0  dO 
fo* Tcos0  -- D  sin 0  "1 
+Joe    + cos0 
After  integration,  we  obtain 
2  1 
P(ZI) ....  ~.  T 2 + D 2 
• T2+D~  (D 2-  T 2)  --0" 
+  2TD log Tcos 0* +  D  sin 0*q 
D  3 
2  1 
P(E3) ....  7r  T 2 +  D e 
• F 71"T2 +  (  D2 --  T2)(0 * +  0c)  +  2TD 
k 
"l°g(TcosOc+DsinOe)(TcosO.+DsinO,  )  • 
Evaluating  the  above  expressions  with  the  ob- 
served  average  values for  T,  D,  d,  and  w  (579, 
254,  20,  and  50  nm,  respectively)  the  proba- 
bilities  for  the  three  categories  of  sections 
become: 
P(~a)  =  0.205 
P(Y~2)  =  0.105 
P(]~3)  =  0.690 
Herewith,  the  expected  absolute  frequencies 
for  a  sample  of  N  =  55  are  11.3,  5.79,  and 
37.9  for  cross-,  longitudinal,  and  oblique  sec- 
tions.  The  observed  frequencies  were  nl  =  12, 
n2  =  14,  n~  =  29,  and  deviate  significantly 
(X  ~  =  13.81  with 2 dr, P  --  .001) from expectation. 
(Note:  These  observed  frequencies  include  cen- 
triole pairs,  each partner  of which was counted  in 
the  appropriate  category.  Since the empirical  dis- 
tribution  of frequencies  from  pairs  did  not  differ 
significantly  from  that  of the  single  centrioles,  as 
evidenced  by  a  heterogeneity  X  2  =  0.113  with 
654  BRIEF  NOTES df  =  2  and  P  <  0.95,  pooling of  all  sections  is 
justified.) 
Because  oblique  and  longitudinal  sections  are, 
by  actual  observation,  difficult  to  differentiate  if 
the oblique sections are relatively long,  the defini- 
tions for  the  oblique  and  longitudinal  categories 
were modified so that a  section with a  (longitudi- 
nal)  length of 25  d  or more  would  be categorized 
as  longitudinal  rather  than  oblique  if 0  is in  the 
range [0", 7r/2]. That is, 
22:{0  <s(0)  ~  S2(O) flO*  <0  <  7r/2U $2(0) 
<  s(O) <  Sa(O) n O*  <  0  <  7r/2 } 
~3:  {s3(0) <s(0)  <  L(O)nO* <0  <Tr/2u0 
< s(O) <_ &(O) n 0c  <  0  _< 0*u SI(O) 
<  s(O) <  L(O) n  O <  O <  O* l 
whereS3(0)  =  L(O)  -  25d  sin0cos0. 
With these modified definitions, the probabilities 
become: 
P(]~I)  =  0.205 
P(]~2)  =  0.132 
P(Y~)  =  0.663 
with corresponding expected  values of  11.3,  7.26, 
and 36.4 for a  sample of N  =  55. With X  2  =  7.83 
at  df  =  2,  P  --  0.02  still indicates that the  data 
are not consistent with the model. 
If one  now  considers  only  cross-sections  (with 
P(2~1)  =  0.205)  and  others  (viz.,  longitudinal 
together with oblique  sections; P(X2)  +  P(Xa)  = 
0.795),  the  observations  compare  favorably  with 
expectation (X  2  =  0.059 at df  =  1, P  --  0.8). The 
discrepancy  between  the  observed  and  expected 
frequencies of all three categories may,  therefore, 
be  assumed  to  be the result of misclassification of 
oblique sections (about 20 %) into the longitudinal 
category. 
This work was supported by a  United States Public 
Health Service research grant  (FR 00258)  from the 
National Institutes of Health and by a grant (E-286) 
from the American Cancer Society,  Inc. 
Received for publication  11  March 1966". 
REFERENCE 
1.  STUB]~LEFIELD,  E,  and  BRINKLEY,  B.  R.,  J.  Cell 
Biol.,  1966, 30, 645. 
B  R  I  E  F  N  O  T  E  S  655 